INTRODUCTION
About 15% of the eukaryote genome consists of a family of repeated and dispersed DNA sequences. Many of these sequences have been described before, and some of them have been found capable of mobility (review in Berg and Howe, 1989) .
Several models have been proposed to characterize the distribution laws of these transposable elements in populations as a function of different variables such as their transposition and excision rate, and the selective values given to carrier individuals (reviewed in Charlesworth, 1985, and Brookfield, 1986 and 1991).
Generally speaking, in all sexed organisms, these models have shown that a family of elements could be kept in stable equilibrium by the opposed effects of replicative transposition and selection against the harmful carriers.
However, much experimental research has proved the existence of self-regulation mechanisms by which the probability of transposition of an element decreases as a function of the number of elements of the same family present in the host genome (reviewed in Berg and Howe, 1989) . Different models have shown that such selfregulation could also lead to a state of stable equilibrium for the distribution law of a given family of elements (Charlesworth and Charlesworth, 1983: Langley et al, 1983 , Charlesworth and Langley, 1986; Langley et al, 1988;  Rio, 1990) .
In Drosophila melanogaster, the research on hybrid dysgenesis induced by families of I, P and hobo elements (reviewed in Berg and Howe, 1989; and in Berg and Spradling, 1991) has generated a set of data by which more specific basic models can be conceived. Such models have been proposed for describing the evolution of such systems, in consideration of some of their characteristics, but either by dealing only with the case of a single transposition site (Ginzburg et al, 1984; Uyenoyama, 1985) or with an infinite number of sites, and analyzing the selective values at the individual level (Brookfield, 1991 (i,j) . In these zygotes, the presence of repressor limits the activity of the j elements introduced, which means a(j) < A(j) and w(j) > W(j). Finally, and as before, we define (1 &mdash; b(i,j)) to be the frequency of gametes without elements resulting from these zygotes. Table II (1984) , which assumes a single insertion site, or that the number of elements has no effect, and on a single pair of chromosomes. In this case, the notation is G(i)
for 1 ! i ! T and 1 ! j ! T (!3 being the probability that the maternal genome be contaminated by transposable elements in a (0, j ) type mating. (1984) .
The mean and variance depend on the parameters previously defined. This way we get Pt+ i (0) = Do!D (see Analysis of initial element propagation conditions) and the mean E(X t+1 ) = E(Y t+1 ) for the variables X t+i (resp Y t+ ,), number of elements in the ova (resp in the spermatozoa), of the (t + 1)th generation (see Appendix 2).
At a point of equilibrium we have:
When pt(0) ! 1 we can use the variable X', which follows the law of X t conditioned by the gametes containing elements. We get E(X t ) _ (1 -p)E(X'), with p = p t (0). The user has to define the element copy number distribution in the gametes of the original generation, as well as the functions A(.), a(.), W(.) and w(.). Table III summarizes the list of parameters used in these simulations.
The functions allowed are of the form:
The mean increases are therefore the result of a (U, u) transpose and a (V, v) excision process (Charlesworth and Charlesworth, 1983) .
To obtain the p t (n) frequencies at the tth generation, we have to determine for each (i,j) The simulation stops at the tth generation when the frequencies p t (n) and p t -i (n) are within 10-6 of each other (0 fi n fi T). figure 3 . Here, the elements can totally invade the population, while the selection coefficient S against the dysgenic zygotes is < 0.11. The invasion is slower than before and the population reaches a stable equilibrium in 1 500 to 2 000 generations, but with a higher mean number of elements (13.4 on the average, and with a SD of 4.8). On the other hand, the frequency of the gametes without elements rapidly diminishes and becomes practically zero in < 350 generations.
It will be noted that the invasion is not necessarily assisted if the rare founder gametes carry a large number of elements. This is due to the fact that the majority of the zygotes in the first generations will be dysgenic and very highly counterselected.
When the spermatozoa introduced carry more than 1/S elements, the (0, j) zygotes provided will be all dysgenetic (W(j) = sup(0,1 -S.j) In the same way, the role of element mobility regulation and the dysgenic effects observed in (i, j) type zygotes can be evaluated by modifying the values of the corresponding parameters. We examined the case of relatively ineffective regulation in this way, by increasing the values of u and v, and generally the simulations show that the invasion time is shorter.
In the examples given in figure 5 (with U = 0.252, V = 0.002, u = U/2, v = V/2 and s = S/2), the invasion process is possible only for S < 0.11, and the equilibria are achieved at between 250 and 500 generations. In the limiting case, this situation tends toward the one presented before (fig 2) , in which self-regulation did not exist in the (i, j ) zygotes.
Finally, a last set of simulations was undertaken, to estimate the effect of very high transposition rates that could lead to a mean increase A of one element. The values chosen (fig 6) of U = 1.5, V = 0.5, u = U/10, v = V/10 and s = 0.03 when the invasion takes place (S E [0, 0.24)) showed that the invasion is faster (from 200 to 800 generations for the 3 examples considered) but leads to equilibrium values very similar to the previous ones (average of 13.7 and a SD of 4.9).
Examination of an invasion in a sequence of stages
The model proposed can also be used to study an invasion occurring in successive waves. An original population A is invaded by transposable elements and then, after a certain number of generations, a part of its individuals emigrate into a fresh population B having none of these elements. Under these conditions, the distribution of elements in the gametes introduced into population B will be more or less close to the equilibrium distribution of population A, but usually very different from the initial distribution introduced into this same population A.
The simulations were carried out to create mixed populations from 90% gametes without elements and 10% gametes originating from a parent population in equilibrium. In all cases, the mixed populations evolved toward the equilibrium state of the parent population while the parameters remained unchanged.
However, the analysis of several families of transposable elements has revealed the formation of deleted elements in the course of the generations, which might play a role in the dynamic regulation of the invasion (Black et al, 1987; Jackson et al, 1988; P6riquet et al, 1990; Raymond et al, 1991 (Kidwell, 1983; Anxolab6h!re et al, 1988 ; Pascual and P6riquet, 1991 (Brookfield, 1991 Kidwell, 1983; Pascual and P6riquet, 1991) . For the P-M system, for which the invasion in D melanogaster appears to be the most recent, the homogenization process would be under way and recent observations on the French population do in fact show a trend in this direction over the last decade (Fleuriet et al, 1992 ).
As the model presented here suggests, this process could extend to all European populations, but this would require a relatively long time. We will be able to answer these questions by analyzing wild populations and comparing the results with an extended version of the present model, introducing recombination and segregation between more than one pair of chromosomes and taking into account some aspects of the mechanisms of regulation of these elements. Such a program is under investigation. 
